investigation of patients, and as producers of the kind of knowledge and techniques that we now see as characteristic of scientific medicine.3
Historians of science and medicine have investigated these early transformations in some detail. But over the past twenty years or so, it has become increasingly unclear just what kind ofexplanation ought to be sought for the growth ofmedical laboratories at this time, and especially for their gradual involvement in medical practice. The assumption that science was valued because it led directly to improvements in therapeutic and diagnostic technique has been challenged by some of the best recent work in the history ofmedicine. At the time, many leading medical practitioners simply did not see laboratory science as particularly beneficial. On the contrary, a substantial body of medical opinion held that reliance on the laboratory or on the knowledge that it produced was actually prejudicial to good practice.4 And while it is tempting to explain away this medical reaction as a product of narrow self-interest or sheer bloodymindedness, a less partisan approach has proved more illuminating: by remaining agnostic about the supposed benefits of scientific innovations, a number of historians have shown how professional and other social interests informed, not just clinicians' doubts about the value of science, but also scientists' claims for the clinical relevance of their own work.S In other words, judgments of the benefits that science brought to medical practice are themselves subjects for historical explanation, and thus are no longer seen to offer an adequate explanation of the development of scientific medicine.6
Rather, it has become necessary to seek more sophisticated and nuanced accounts of the historical factors that lay behind the advocacy of science in medicine, and especially behind clinicians' eventual adoption of the view that science did, indeed, have something to offer. On the whole, however, recent work has tended to emphasize the divergence between scientists' and clinicians' interests in science and medical practice. Thus, on the one hand, historians have shown how scientists sought to annex clinical medicine as a field in which they could pursue existing lines of academic research and Research Council of the United Kingdom and its predecessor, the Medical Research Committee, 1913 -53, Oxford University Press, 1989 3 Ronald L. Numbers and John Harley Warner have recently emphasized that other periods and other cultures may have their own science of medicine, and that to speak of scientific medicine in the singular is thus to assume an ethnocentric point of view: see their paper on 'The maturation of American medical science', in Nathan Reingold and Marc Rothenberg (eds), Scientific colonialism, : a crosscultural comparison, Washington, D.C., Smithsonian Institution Press, 1987 . This caveat is well taken. However, as a matter of convenience, I propose to use the term "scientific medicine" in this paper to desi,fnate the recognizably modern alliance of the laboratory with medical practice. teaching, with little regard for the practical concerns of doctors.7 And on the other hand, clinicians have been portrayed as adopting new scientific knowledge and laboratory-based techniques for primarily ornamental purposes: while a display of science may have helped to enhance clinicians' prestige in the eyes of patrons and patients, the influence that new technologies were allowed to have on the actual process of clinical decision-making was strictly limited.8 Such studies not only imply that scientists and clinicians had few interests in common, but also that neither group was particularly interested in reforming medical practice.9 Consequently, historians have tended to try and explain clinicians' cautious acceptance of laboratory science in terms of cultural as opposed to practical benefits: scientific training, in particular, is seen as having provided a new source of cultural authority which was instrumental in raising the social status of the medical profession at the time.10 But this begs the question: why should doctors and patients have regarded laboratory science as a source of cultural authority in the first place? Indeed, far from being able to turn to science as an established source of authority, nineteenth-century medical practitioners were themselves among the most influential proponents and architects of a new culture in which science was so regarded."
What is needed, then, is an account of just what doctors might have expected to gain by allying themselves to the development of science, be it in terms of practical or of social advantages over their competitors and their patients. This paper is an attempt to develop such an account. It starts from the recognition that, in some cases at least, late nineteenth-and early twentieth-century scientists and clinicians did in fact collaborate in promoting forms of medical science which were intended to engage directly with medical practice. Moreover, it argues that the involvement of science in medicine led to changes in medical practice which help to account for the growth of professional and, to an extent, lay support for science at that time. But while conventional accounts have supposed that the practical effects of science must be sought in terms of improvements in diagnostic and therapeutic efficacy, this paper looks elsewhere. It argues that the most important changes in medical practice were to be found in the sphere of what might best be termed medical administration.
A number of historians have observed that the work of doctors became increasingly administrative or managerial from the turn of the twentieth century onwards. This is particularly clear where medicine was involved in the service of large-scale organizations like industry and the military.'2 But the same analysis can also be extended to other aspects of twentieth-century medical practice: increasingly, medicine has become a corporate enterprise involving a considerable load of administrative work, for instance in rationing access to health care facilities.'3 And within this corporate world, there are indications that science has been closely allied to the pursuit of administrative efficiency. This has been well documented in the case of hospitals, themselves increasingly corporate institutions by the start of the twentieth century, where the emergence of scientific medicine coincided with a growing interest in "scientific management".'4 The same concern with medical efficiency has also been discerned in the massive financial support for scientific medicine provided by such corporate bodies as the Rockefeller Foundation, and in the growth of social insurance and the reorganization of medical care more generally. 15 of the medical community in Sheffield 1790-1850', in John Woodward and David Richards (eds) Other authors have indicated ways in which the laboratory sciences might have contributed to the pursuit of administrative efficiency in medicine. Thus, for Bruno Latour, the bacteriology laboratory proved useful to public health administrators because it enabled them to specify far more localized sites for sanitary intervention.16 In similar vein, a number of researchers have suggested that the redefinition of certain kinds of illness according to new scientific theories, and the introduction of new diagnostic technologies, may have made it possible to decide more rapidly which patients would respond to treatment, and which would merely become a drain on resources. 17 In both these cases, it seems that the development of scientific knowledge and scientific technique made it possible to divide up or conceptualize populations and their environment in ways which permitted more economical forms of medical management, without necessarily implying any change in therapeutic technique.
Moreover, a considerable body of research on the development of the medical profession has pointed to the relationship between the growth of medical science and the emergence of a new division of medical labour. While much of this work continues to suppose that specialization is driven, at least in part, by the development of new therapeutic and diagnostic techniques, it might equally be suggested that the scientific reorganization of medical knowledge was in fact a response to the perceived need for a reorganization of medical work: in effect, the pursuit of medical science might thus be seen as a way of restructuring the machinery of medical management itself, once again in the interests of administrative efficiency. '8 This paper pursues these arguments through a case study of the development of scientific medicine in Sheffield-an industrial city in the north of England-in the late nineteenth and early twentieth centuries. It aims to show how due attention to the administrative aspects of modern medicine can help us to understand the growth of medical science at this time. And in particular, it shows how the scientific reorganization of medical knowledge helped to establish a new hierarchy of medical Flexner era, New York, Tavistock Publications, 1985; Stephen J. Kunitz, 'Efficiency and reform in the financing and organization of American medicine in the Progressive Era', Bull. Hist. Med., 1981, 55: 497-515. 16 Bruno Latour, The Pasteurization ofFrance, transl. Alan Sheridan and John Law, London, Harvard University Press, 1988. 17 Thus Joel D. Howell has shown how the physiological redefinition of heart disease during the First World War increased the rate at which disabled soldiers were either discharged or returned to combat: Howell, "'Soldiers's heart": the redefinition of heart disease and speciality formation in early twentiethcentury Great Britain', Med. Hist., Supplement No. 5, 1985: 34-52 To begin, let us look at how medical science laboratories first came to be established in Sheffield. To an extent, this reflected reforms in medical education that took effect across Britain in the late nineteenth century. A medical school had been established in Sheffield in 1828, to provide local medical apprentices with the training in anatomy and other subjects that they needed to fulfil the licensing requirements of the Society of Apothecaries and the Royal College of Surgeons of England.20 Initially, the School had flourished. But from the mid-nineteenth century, the metropolitan licensing bodies and some of the elite universities began to set new standards for pre-clinical education by emphasizing practical laboratory training, particularly in physiology and pathology. At first, the Sheffield Medical School continued to adhere to an older model of pre-clinical education, which restricted practical experience to anatomical dissection, while physiology and pathology were taught entirely in the lecture theatre. But, as the more ambitious students moved elsewhere for their pre-clinical training, the staff became demoralized, and by the early 1880s some were even calling for the School to be closed.21 In the end, the staff decided to adopt a strategy of expansion and reform which would eventually bring the Sheffield School more closely into line with pre-clinical science teaching elsewhere in Britain. From 1882, the school began collaborating with the other higher education institutions in the city to provide new scientific facilities: over the next twenty years, full-time professors of anatomy, physiology and pathology were appointed, physiology and pathology laboratories were set up, and by 1905 this had led to the creation of an independent University in the city, of which the Medical School became a Faculty.22 19 Roger Cooter develops a closely related set of arguments, but from the perspective of a single medical specialism, in his Surgery and society in peace and war: orthopaedics and the organisation of modern medicine, 1880 -1948 Leeds, and Liverpool, 1870-84', Med. Hist., 1986, 30: 115-32. 23 Before gaining its own university charter, University College, Sheffield, had sought membership of the Victoria University, which incorporated the university colleges of Manchester, Liverpool and Leeds, but had been rejected on the grounds that its science teaching facilities were inadequate: Chapman, op. cit., note 22 above, pp. 92-8, 133-48, 176-8. 24 1850 -1970 , London, Routledge & Kegan Paul, 1972 25 Michael Sanderson, 'The professor as industrial consultant: Oliver Arnold and the British steel industry, 1900 -14', Econ. Hist. Rev., 1978 , describes the relationship between industrial consultancy and the growth of the University's metallurgy department. Similar industrial interests were reflected in other forms of political and financial support for university education in the city. Thus Sheffield politicians and educationalists played a prominent part in the national campaign for Treasury grants for universitylevel education in the late 1880s: Chapman, op. cit., note 22 above, pp. 44 67. But the greatest single source of income was the annual grant awarded by the City Council, the largest paid to any provincial university. In 1913-14 Robertson, see obituaries: Lancet, 1936 , ii: 1548 Brit. these schemes, which generated a considerable volume of routine laboratory tests. By undertaking this work on a fees-for-service basis, the School was able to finance teaching laboratories, a full-time professor and other teaching and research staff in pathology.28
The foundations were laid for a strongly service-oriented pathology department. Public health work, in particular, remained a priority until 1946, when the city established its own laboratories.29 But the local hospitals, too, offered a source of income and support for the young Medical Faculty, and were carefully courted. The hospitals' routine bacteriological, histological and post-mortem work was gradually brought into the pathology department and in 1908 the professor was made ex officio honorary pathologist to the two local voluntary general hospitals.30 A similar orientation towards service work was subsequently adopted in the physiology department. The first full-time physiology teachers in the School were specialists in fields which did not readily lend themselves to routine service work. Beattie (1907-12) , H. R. Dean , and J. S. C. Douglas (1915-31 their individual disciplines so much as with developing lines of research and teaching that would be of direct use to other institutions in the city. The University pathologists, for instance, argued that contact with clinical practice was crucial for the development of their science, and that service work for local hospitals was essential to this process.39 Bacteriological testing for the local public health authority was seen to offer similar scientific opportunities.40 More than this, however, such work also enabled the University's full-time scientists to take an influential role in shaping new administrative and managerial responses to problems of public health. Occupational illness, in particular, was early identified as a problem that university scientists might usefully investigate, and it provided a focus of continuing interest for the staff of the pathology department.4' Members of the physiology department extended this programme by looking also at industrial fatigue.42 Work of this kind tied the Medical School into the local economy in new ways. Where previously the School had served simply to train the doctors who would practise in the region, it was now closely involved in the work of local government, industry, and the hospitals. In effect, the scientific staff of the Medical School, like scientists in other faculties of the new University, were becoming integrated into an administrative elite that was increasingly indispensable to the running of the city. 39 In 1910, Beattie told the Nottingham division of the British Medical Association that "the pathologist who neglects the post mortem room or even the bedside cannot fully realize the greatest problems of disease.
In his work, therefore, he must be assisted by the clinician, and in their hearty co-operation ... the advance in scientific medicine must be greatly aided": J. M. Beattie, 'An address on the activity of the cells and fluids of the body in the prevention and cure of disease: a plea for more thorough pathological investigation', Brit. med. J., 1910, 1: 977-9, on p. 979. Dean likewise denied that pathology was "an independent science-such as some would make of physiology-a specialised department of biology standing proudly aloof from the crafts of medicine and surgery", and he added that "just as a knowledge of medicine must be based in part on the experience of the post-mortem room, so is a knowledge of pathology incomplete without the study of the manifestations of disease in living patients in the ward": Henry R. Dean, 'Pathology and the medical student', Edin. med. J., 1918, N.S., 20: 307-18 Lancet, 1913, ii: 210-16, 282-4. 42 Macdonald was involved in developing such research both locally and nationally through the British Association for the Advancement of Science. See: J. S. Macdonald, 'Calorimetric observation on man', J. Physiol., 1912, 44: iv-vP The establishment of the laboratory sciences in the Sheffield Medical School was dependent on the support of at least some of the medical practitioners who taught there, and this support continued to be important in shaping the scientific programme that developed over the next twenty years. Clinical involvement, in particular, contributed to the growth of a practically-oriented rather than a purely academic style of research and teaching in the pre-clinical departments. Conversely, for those practitioners who participated in this programme, the development of medical science offered a way of encouraging the establishment of new forms of medical practice in Sheffield.
From its beginnings in the first half of the nineteenth century, the Medical School had helped to structure practice in the city. Initially, it served what Ian Inkster has called an "identity forming function" for the local medical profession: it provided an institutional base around which doctors could organize, not least to regulate recruitment to the ranks of recognized practitioners; and it gave the doctors who taught there a platform from which to advertise their knowledge and skills to students, to other doctors, and to their prospective patients.43 By mid-century, the School had come to serve the interests of a well-established elite, dominated by doctors with surgical qualifications, whose part-time teaching had also helped them to establish successful careers in the voluntary hospitals and in private practice.44
The reputation of these elite doctors rested primarily on their skills and attainments in the practice of medicine and surgery, and the greatest prestige consequently attached to the School's clinical lectureships. But clinical achievements were also seen to be at least partly rooted in scientific knowledge, and especially, in the case of surgery, in anatomical skills.45 Anatomy teaching was thus central to the work of the mid-century Medical School: it provided students with a scientific preliminary to clinical training, and teachers with a stepping stone to more prestigious clinical teaching posts. And when the fortunes of the School began to decline in the second half of the century, the staff looked first to the expansion of anatomy as a way of reviving the School's scientific reputation. By 1890 a huge new anatomy theatre, efficiency in work performance and the cost of the movements involved (treated separately)', Proc. Roy. Soc. B, 1916, 89: 394-410 above, pp. 474-8. 45 The relationship between the rise of anatomy teaching and the emergence of a discourse of medical skill in the late eighteenth and early nineteenth century remains sadly under-studied. But see M. E. Fissell, Patients, power and the poor in eighteenth century Bristol, Cambridge University Press, 1991, which explores some of these issues. Cf. Christopher Lawrence, 'Alexander Monro primus and the Edinburgh manner of anatomy', Bull. Hist. Med., 1988, 62: 193-214. capable of seating over a hundred students, was in an advanced stage of construction.46
It took a younger generation of doctors to make the case for building up the new laboratory sciences as well. The moving force behind this reorientation was Arthur Hall, a physician and a skilful medical politician who, more than any other, was responsible for the reform of the Medical School.47 The son of a successful Sheffield general practitioner, Hall had begun medical studies at the Sheffield School in 1883, but found the teaching so unsatisfactory that he promptly moved on to Cambridge University for pre-clinical studies, then to St Bartholomew's Hospital in London for clinical training. In 1889 he returned to work in his father's practice, but he was not content merely to assume his father's mantle. Within the year he was teaching at the Medical School as a part-time demonstrator in physiology, and quickly became involved in plans to collaborate with the other local colleges of higher education, and in the campaign for an independent university. In particular, with his experience of the new physiology laboratories in Cambridge, Hall was well aware of the latest trends in pre-clinical science teaching, and he was in large part responsible for persuading his elders that the scientific focus of the School must shift from anatomy to physiology and pathology if it was to survive in competition with medical schools elsewhere.48 Hall himself helped design the necessary laboratories, and he taught the physiology and pathology courses until funds became available for full-time professors.49
Hall was not concerned simply to save the School, however, nor was he motivated purely by a desire to emulate the academic science he had met at Cambridge. He also saw the promotion of laboratory science as a way of reforming medical practice. In London, leading doctors like those who had taught Hall on the wards at Bart's relied increasingly on consulting practice for their very considerable incomes. This consulting practice represented a new division of medical labour: it involved a measure of specialization on the part of consultants, who restricted their practices to either medical or surgical cases; and it depended on a network of intra-professional communication which linked consultants to the general practitioners from whom they received their patients.50 In Sheffield, however, this systematic division of labour J., 1896, i: 117-18; ibid., 1896, ii: 1418; ibid., 1912, ii: 1169. 47 [Robert] Platt, 'Hall, Sir Arthur John ', DNB 1951 ', DNB -1960 50 Consultants began to distinguish themselves from general practitioners during the first half of the nineteenth century, but this was primarily a matter of social stratification and higher fees, rather than a system of intra-professional referral and consultation. By the 1880s the British Medical Association had begun to call for a clearer division of labour, but this was hindered by general practitioners' fears that consultants would steal the patients referred to them. Only in the metropolis and in the largest provincial cities like Manchester were a few leading doctors able to live chiefly by consulting practice. See Ivan remained rudimentary throughout the nineteenth century; even the most eminent of the Medical School doctors continued to be primarily general practitioners, who relied less on referrals from other members of the profession than on the close personal relationships they established with their individual patients.5'
Hall's ambition was to establish his own consulting practice in the city, and he saw the reform of the Medical School as a step towards fulfilling that ambition.52 The development of the new experimental sciences, in particular, was central to this plan. Among the eminent consultants who had taught him in London were some whose reputations were based, not just on their clinical attainments and their reputations as teachers, but also on the contributions they had made to the new experimental sciences. Hall chose to emulate these doctors by conducting his own scientific studies of illness and its treatment.53 His efforts to build new laboratories and to employ full-time scientists were thus motivated, at least in part, by the need for scientific facilities that would enable him to pursue his own work, and he would subsequently rely heavily on the pathology department, in particular, for help in investigating some of the clinical problems he encountered in the course of his practice.54 His example was soon followed by other aspiring young Sheffield doctors, physicians and surgeons alike, who shared his view that research as well as teaching would help to further their careers, and who likewise looked to the Medical School's scientific staff for assistance in such work.55
Waddington, The medical profession in the industrial revolution, Dublin, Gill and Macmillan, 1984, pp. 9-18; idem, 'General practitioners and consultants in early nineteenth-century England: the sociology of an intra-professional conflict', in Woodward and 51 Thus Hall wrote of William Favell: "although, no doubt, a man of wide experience and shrewd common-sense, he was more of a welcome and comforting general practitioner, whose patients worshipped him, than what is meant by a Surgeon today." And of Arthur Jackson: "it is doubtful whether he ever did much [surgery] in private practice, for there were no surgical specialists in Sheffield in his days; they were all general practitioners." Hall, op. cit., note 21 above, pp. 6, 14.
52 As he later put it, he was "determined to start as a physician in Sheffield and not to continue in [his] father's general practice". He regarded the Medical School as an "asset of primary importance" in the career of "a would-be physician", and he added: "Whatever small amount of time and trouble our school may have had from me, it has been more than repaid by the value it has been to me during the 42 years that I was on its staff". Hall "an authority of international standing" on the treatment as well as the public health aspects of the disease, and laid the cornerstone of a highly successful consulting practice.59 As in public health work, scientific research was now increasingly seen as a criterion of expertise in private practice. This was reinforced by the highly visible involvement of University doctors as consultants to the local public health authority, which served both to advertise their expertise and to set a precedent for individual consultations. By this time, as one Sheffield physician recalled, "The concept of the pure Consultant was taking shape and a younger generation was arising, ambitious to achieve Consultant status".60 But the institutionalization of this new division of medical labour in the city cannot be separated from the rise of the University as a civic centre of technical, administrative and above all scientific expertise. By promoting the growth of the University through their educational, investigative and administrative activities, Hall and other scientifically-inclined clinicians thus defined for themselves a new role as experts in both the private and public practice of medicine, to whom both the local health authority and local general practitioners could turn for authoritative assistance in difficult cases.
THE MEDICAL SCHOOL AND THE REFORM OF THE HOSPITALS
Not all Sheffield doctors were equally enthusiastic about this restructuring of medical practice, however. Those men who constituted the elite of the local profession in the years before the First World War had made their careers primarily as general practitioners to the city's wealthier classes, and they were deeply ambivalent about the emergence of consulting practice, and especially about the relatively specialized forms of scientific knowledge around which it was organized. This was particularly evident in the two local voluntary general hospitals. Founded in 1797 and 1832 respectively, the Royal Infirmary and the Royal Hospital had initially served much the same professional interests as the Medical School.61 As a focus of philanthropic activity in the newly industrializing city, they not only provided an institutional base for the emerging medical elite, but also brought the honorary physicians and surgeons into direct personal contact with the wealthy patrons among whom they sought their private patients.62 Moreover, they were closely involved with the Medical School in the development of a local system of medical education: not only was the clinical teaching carried out on the wards of the hospitals, but also, prior to the establishment of full-time professorships, the pre-clinical teaching was conducted by members of the hospital staffs.
With the growth of the new laboratory sciences in the last quarter of the nineteenth century, however, this community of interest began to fracture. By the 1880s, there was growing pressure to emulate medical schools elsewhere in Britain by placing large parts of the pre-clinical curriculum in the hands of full-time professional scientists. This pressure for reform did not extend to the clinical teaching, however. In Britain as a whole, the quality of clinical education tended to be judged chiefly by the size of the teaching hospital and the range of practical experience that the student could expect to acquire there. precipitated a financial crisis in the voluntary hospitals, which were burdened with long waiting lists, but barely had the funds to maintain the existing level of services. The Poor Law hospitals, on the other hand, remained under-used because of the stigma of pauperism that attached to them. With the establishment of the Ministry of Health in 1919, it soon became apparent that the government intended to take a hand in reorganizing the hospital system. In particular, it was feared that the Ministry would seek a degree of financial and managerial control of the previously independent hospitals, with the eventual aim of bringing them into a single hospital service under municipal control.78
The provincial teaching hospitals felt themselves to be particularly at risk following the publication, in 1920, of the much-vaunted Dawson Report, which identified them as the regional hubs around which the hospital system would be reorganized.79 And in Sheffield, these fears were compounded by the existence of not one but two voluntary general hospitals, which emphasized the problems of inefficiency and duplication of services. Driven by such fears, the Sheffield hospitals sought to pre-empt state interference by undertaking their own programme of reform on their own terms. Previously, the two Sheffield voluntary hospitals had been divided by strong institutional rivalries. Now, they were compelled to accept that both the work and the funding of the different hospitals needed to be co-ordinated in the interests of greater efficiency.
A The Medical School was involved in these developments from the start. It had long proved a neutral setting in which members of staff of the rival voluntary hospitals might pursue a common interest in medical teaching. The war reinforced this spirit of co-operation: when the Army Medical Service established a Territorial General Hospital in Sheffield, the staff was largely drawn from those already associated with the Medical School, who now came to practise as well as teach together.83 Hall quickly capitalized on the spirit of camaraderie engendered by this wartime experience when, shortly after the war ended, he was instrumental in setting up a Staff Club for the joint staffs of the two voluntary hospitals.84 As rapprochement gave way to more formal collaboration between the hospitals, Medical Faculty members played an important role in the creation of the Joint Hospitals Council.85
Moreover, the involvement of the University did not end with securing cooperation between the two hospitals. It was also seen to be crucial to the success of the hospitals' larger plans in a political climate that was increasingly hostile to the voluntary principle. Following the First World War, Labour had gained considerably in influence on the City Council and the Board of Guardians, arousing further fears that local government would come to favour municipalization of the hospital services.86 But the support of both these bodies was essential to the co-ordination of 81 Participants contributed one penny in every pound they earned to the scheme, which was organized through local workplaces. Contributors and their dependents were entitled to "treatment free of maintenance charges at any of the Sheffield hospitals". A Sheffield and District Association of Hospital Contributors was established to administer the scheme. In the first year, 154,000 employees from 1,879 Sheffield firms, and a further 35,000 members from outlying regions, contributed a penny from each pound they earned. With additional voluntary supplements from employers, this provided a revenue of £72,000. By 1923 this had risen to £102,000. British Medical Journal, 'Relief for the shortage of hospital beds in Sheffield', Brit. med. J., 1920, ii: 93; idem, 'Co-operation among voluntary hospitals', Brit. med. J., 1923 Brit. med. J., , i: 1027 idem, 'Sheffield Joint Hospitals Council', Brit. med. J., 1923, ii: 483; idem, 'Sheffield Joint Hospitals Council', Brit. med. J., 1924 , ii: 1176 82 scheme.87 The University, with its long involvement in municipal administration and in technical service work for local industry, was in a position to provide influential support in this respect, and the hospitals quickly turned to it for help: several University representatives were added to the Joint Hospitals Council, including the Vice Chancellor who was appointed chairman, and the Medical Faculty declared their satisfaction at being involved in "deliberation on the many difficult problems which face all voluntary hospitals at present".88
This marked a significant shift in the balance of power between the teaching hospitals and the University: for the first time, the hospitals needed the University as much as the University needed the hospitals. Hall and his colleagues on the Medical Faculty were quick to take advantage of this unprecedented situation, by extracting from the clinicians a far more sweeping series of concessions than anything they had envisaged before the war. During 1919, responsibility for the clinical teaching was effectively transferred from the hospital staffs to the Medical Faculty: lay members of the University were for the first time appointed to the Clinical Studies Committee; clinical teachers accepted stringent restrictions on how they should use the time allocated to teaching; and it was agreed that appointments to clinical posts should now be made, not by the Clinical Studies Committee, but by a standing committee of the Medical Faculty.89 This transfer of responsibility for the bedside teaching was accompanied by a complete reorganization of the clinical curriculum. Previously, students had been assigned to work for a time as clerks or dressers to individual staff members in one or other of the teaching hospitals, where lectures were also given to augment the bedside teaching. But early in 1919, this individualized system of teaching was replaced by a much more organized programme of group tuition. Groups of about ten students now spent six months at one hospital, followed by six months at the other. Each group received instruction in medicine and in surgery on alternate days, so that teaching at the bedside could be co-ordinated with systematic lectures given by the professors of medicine and surgery.90 In this way, the University professors were able to assert their intellectual as well as their institutional authority over the ordinary 87 clinical tutors and lecturers, whose work was reduced to illustrating and expanding the principles outlined in the systematic lectures.91
The redistribution of pedagogical authority, and the systematic reorganization of the clinical curriculum, also favoured the movement of laboratories and full-time scientists into the hospitals. In 1919, Leathes was appointed Honorary Physiologist on the staffs of the Royal Infirmary and the Royal Hospital. Soon after, the Boards agreed to the appointment of a full-time lecturer and a demonstrator in physiology, who would take charge of new clinical laboratories to be funded half by the University, and half by the hospitals themselves. These laboratories were intended to provide students with "facilities ... for working in pathology and physiology in connection with their clinical studies",92 and at the same time as the laboratories were established, changes were made in the examination schedule to allow more time for science lectures and laboratory work within the clinical curriculum.93 Moreover, the laboratories and scientific staff were also to be available for "important investigations required by the medical staff in dealing with the cases under them",94 such as would help Hall and his colleagues to consolidate their identity as scientific practitioners.
Finally, this series of scientific reforms was topped off by the creation of a full-time clinical chair of pharmacology. Like the more general restructuring of the clinical curriculum of which it was a part, the creation of this post was facilitated by fears that the government would intervene in the work of the hospitals in ways which would compromise the autonomy of the city's leading clinicians. Even before the war, university reformers in the metropolis had argued that clinical teaching, like the pre-clinical sciences, should be made the responsibility of full-time salaried professors who would be provided with beds in the teaching hospitals. These views had been adopted by the Board of Education, and from the end of the war by the newly-established University Grants Committee (UGC). By 1919, steps were being taken to establish full-time clinical chairs of medicine and surgery in a number of the 91 "The systematic lectures in medicine and surgery will thus regain much of their former prestige which they have lost to a great extent owing to their being divorced from the patient". Report London hospitals, and it seemed likely that similar chairs would be imposed on teaching hospitals throughout the country.95
Such plans were deeply threatening to the professional interests of hospital doctors. Hitherto, clinical teaching had provided a way for them to advertise their professional standing, to the benefit of their private practices. If teaching posts were now to be divorced from private practice, such advantages would be lost. Moreover, titles and posts that had previously been the mark of an elite private practitioner would now come to be identified with full-time salaried work. Clinical teaching would tend to become the domain, not of clinicians, but of professional full-time academics, and so would the wards on which those academics taught and practised. At the time, clinicians were worried, not only that the state would take control of the voluntary hospitals, but that it would also replace honorary appointments with salaried posts, as a step towards creating an entirely salaried medical profession in Britain.96 Full-time clinical chairs thus appeared as the thin end of a wedge that would eventually separate hospital work from private practice.
In this climate of concern, Hall and his colleagues were able to present their plan for a chair of pharmacology as a more acceptable alternative to the imposition of a full-time chair of clinical medicine. This plan was presented to the hospitals in October 1919, in a report drawn up by a sub-committee of the Clinical Studies Committee. Pointing out that it was "well known" that the Board of Education planned to turn existing part-time clinical chairs into full-time posts, the subcommittee recommended instead That a Department of Pharmacology be staffed and equipped with laboratories, and that it should be recognized that the teaching of this subject should be in part in the laboratory, but in part also, in the wards, where the Professor of Pharmacology should have beds, and illustrate his teaching by the results obtained in the treatment of selected patients with the appropriate pharmacological agents.97
Such an arrangement would greatly advance Hall's programme of integrating full-time scientists more closely into both the educational and therapeutic work of the 95 The prime mover behind this scheme was George Newman, Chief Medical Officer to the Board of Education from 1917, and CMO to the Ministry of Health and medical assessor to the University Grants Committee from 1919. It was Newman's view, in 1918, that "At the end of five years it is quite possible that we might have half-a-dozen Schools in London and half-a-dozen in the country with a complete [full-time] unit system": Newman, 'Grants to medical schools', memorandum to the Secretary of the Board of Education, 22 October 1918, PRO ED 24/1961. On the establishment of the London chairs, see George Graham, 'The formation of the medical and surgical professorial units in the London teaching hospitals', Annals of Science, 1970, 26: 1-22. 96 The Dawson Report had already suggested that pro-rata payments might be introduced for clinicians working under a reorganized hospital system, and it was widely suspected that this was intended as a first step towards a fully salaried and completely unified system of state hospitals. On the educational side, Newman clearly saw a connection between the reorganization of medical education and that of the health care system, including the hospitals. See: George Newman, Some notes on medical education in England. A memorandum addressed to the President of the Board of Education, Cd. 9124, London, HMSO, 1918; and idem, An outline of the practice ofpreventive medicine. A memorandum addressed to the Minister of Health, Cmd. 363, London, HMSO, 1919. 97 Clinical (Medical) Studies Committee, 'Report re Chair ofPharmacology and proposed modification in curriculum', inserted in Medical Faculty Minutes, 2 October 1919. hospitals. "Experimental Pharmacology", said the report, "of all the branches of science is the one that comes nearest to the practice of Medicine", and the creation of a clinical chair in pharmacology would thus "do much to impress in a medical school the interdependence of experimental investigation and clinical practice".98 But it would do so in such a way as to complement rather than undermine the status of the existing part-time professors of medicine and surgery.
These arguments proved compelling. By December the Royal Infirmary had given "some assurance" that it would be prepared to appoint a suitable pharmacologist to a full physicianship, and the University recorded that the chair should be created "subject to the Government's providing two-thirds of the salary of the Professor".99 Meanwhile, the Board of Education and the UGC were being urged to accept a chair of pharmacology as a reasonable alternative to a chair of medicine, on the grounds "(a) that it would better suit the particular needs of Sheffield, (b) that it would cost considerably less."'0l By February 1920, the UGC had agreed that the creation of a clinical chair would provide "the means of teaching Pharmacology not merely as an abstract science but in its clinical applications", and that this arrangement was "likely to make for an advance in Medical Education in the University".101
Whatever doubts the UGC may have had about the Sheffield arrangements seem finally to have been allayed by the fact that "the right man for the post was available". 102 Edward Mellanby was already well known in official as well as medical circles for his work on the causation of rickets.'03 Moreover, he was greatly attracted by the possibility of conducting clinical research so much so, in fact, that he was prepared to turn down offers from more prestigious institutions if the Sheffield chair 98 Ibid. 99 Medical Faculty Minutes, 1 December 1919; Finance Committee Minutes, December 1919. As usual, back-stage negotiations smoothed the way to this agreement. A. E. Barnes, by this time a full physician at the Royal Infirmary, was a key figure in these moves. Though appointed to the part-time lectureship in materia medica in 1914, he regarded it as a "weary and utterly useless residue from the old curriculum", and told the Faculty "that pharmacology was a subject requiring a whole timer with special training and that I should resign as soon as such could be obtained": Barnes, 'Medical student days', op. cit., note 21 above, f. 9. The Faculty began considering a "new and important Department of Pharmacology" sometime in 1917-18, but discussion was deferred until Barnes returned from war service. With the systematization of the clinical curriculum, two new lectureships in clinical medicine were created to undertake the extra load of formal teaching, to one of which Barnes was appointed in June 1919, leaving vacant the part-time lectureship in materia medica. Meanwhile W. S. Porter, a colleague of Barnes at the Royal Infirmary, agreed to resign his physicianship if "a more congenial colleague" could be found. Medical Faculty provide three quarters of the running expenses. I naturally understood this to mean that there was some separate scheme of medical education to which we could look for our proportion of the funds ... We talked this over all last term and came up to see Sir George Newman on Wednesday last to see whether he approved of the subject of the proposal. He entirely approved, but explained that there was no special fund and that the only source of income was your Committee. The creation of the pharmacology chair marked the maturation of Hall's campaign to establish a new kind of scientific medicine in Sheffield. By giving a full-time University professor control of his own patients, the hospitals finally agreed that professional scientists should be allowed to play a responsible role in the work of healing. This was an important point to win in the context of the University's struggle to gain control of hospital medicine. But it also had important implications for the reorganization of medical practice beyond the walls of these institutions.
This became clear when, less than a year after his appointment, Mellanby announced that his research in Sheffield had led him to a cure for exophthalmic goitre, which was relatively common in the Sheffield region.'07 It was an impressive demonstration of Mellanby's powers of investigation, and proved to be an effective advertisement for the changes taking place in the Medical School. Following Mellanby's announcement, the local National Health Insurance (NHI) Panel Practitioners' Committee donated £1,000 to Mellanby's laboratory "to promote the policy of bringing physiology into closer relation with the practise and teaching of .. a mutual advantage in coming more closely together". More that this, said Hall, "there have been, latterly, many signs, in this area at any rate, that the gulf which has for so long separated members of hospital staffs from general practitioners may soon be bridged over. The generous gift of the Medical Panel Committee of Sheffield has laid a solid foundation for one pier of the Bridge, and with this excellent start I have no doubt whatever that the structure will soon be complete." '109 This rapprochement between general practitioners (GPs) and hospital doctors represented a further step towards the fulfilment of Hall's campaign to establish a new division of medical labour in Sheffield. The growth of private consulting practice, for instance, depended on a reorientation of the social relations of the medical profession: instead of building up their practices by cultivating the goodwill of individual patients, leading doctors now relied to a greater extent on referrals from GPs. Likewise, the reorganization of the work of the voluntary hospitals involved a new degree of professional cohesion, and the exclusion of lay influence from medical decision-making. Thus, before the penny-in-the-pound scheme was set up, admission to either a Poor Law or a voluntary hospital depended, respectively, upon a means test or a recommendation by a hospital donor: admission was primarily a matter of lay philanthropy, controlled by wealthy patrons and Poor Law Guardians. Under the penny-in-the-pound scheme, however, admissions to both kinds of hospitals came to depend primarily on referrals by doctors."°0 Even more than in private practice, this implied a network of intra-professional relationships which cut across class boundaries to link the elite staffs of the voluntary hospitals with Poor Law medical officers, National Insurance panel doctors, and other more lowly GPs. 1 Sheffield', and 'Sheffield Joint Hospitals Council' (1923) , op. cit., note 81 above.
iII The Contributors' Association tacitly acknowledged the importance of referrals when they set up an ambulance service to convey patients from home to hospital, and from GP to consultant. 'Sheffield Joint Hospitals Council' (1923) , op. cit., note 81 above. The emergence of complex and extensive social and technical networks for managing various public utilities at this time has recently been the subject of a number of highly stimulating historical studies. See: Joel A. Tarr, 'The city and the telegraph: urban telecommunications in the pre-telephone era', J. Urban Hist., 1987, 14: 38-80; Joel A. Tarr and Gabriel Dupuy, Technology and the rise of the networked city in Europe and America, Philadelphia, Temple University Press, 1988. obscured the divergent political and professional interests that this divide had previously sustained."12 As Hall had long hoped, the various sectors of the local medical profession were beginning to co-operate in providing a system of health care which would cover the entire population of the city and its region.113
Clearly, the development of laboratory science was deeply implicated in what was, in effect, a transformation in the professional politics of medicine in Sheffield. What has not yet been made clear, however, is quite what role science played in that transformation. Certainly, we should not suppose that this kind of political change can simply be attributed to the growth of scientific knowledge or technique. On the contrary, I have argued that, in the sphere of hospital medicine at least, the introduction of laboratory methods into practice was dependent upon, rather than responsible for, a shift in institutional politics. By the same token, if we are to explain the reorganization of medical practice in Sheffield as a whole, I would argue that it is not enough simply to point to the impact of innovations like Mellanby's treatment for goitre. Rather, we must describe the political and social circumstances which not only made medical reorganization seem desirable, but also gave scientists a peculiar authority in such matters. And in order to do that, it is necessary to look more closely at the development of civic culture generally in Sheffield at that time.
In the period between 1890 and 1925, administrative and managerial interests came to play a dominant role in many aspects of public life in Sheffield. As in other industrial cities, this was prompted primarily by the demands of an increasingly organized and vociferous working class. In response, various steps were taken to minimize class conflict by palliating the worst injustices of working-class life, and by regulating such areas of public and private life as were considered to pose a particular threat to the prevailing social order. Bolstered by the cognate development of new professional managerial structures in industry, this led, in Sheffield as elsewhere, to an expansion of local government machinery, the development of new forms of professional organization, and a shift in the political orientation of bodies like the city Council and the Board of Guardians away from Tory paternalism towards more 112 NHI seems to have been particularly important in laying the foundation of this kind of collaboration. Indeed, with the state subsidizing the capitation fees paid to private doctors, the NHI system itself helped to blur the boundary between the public and private sectors. Moreover, Anne Digby and Nick Bosanquet have suggested that the principle of per capita payments for NHI practice encouraged panel doctors to refer difficult, and hence uneconomic, cases to consultants: Digby and Bosanquet, 'Doctors and patients in an era of national health insurance and private practice', Economic History Review, 2nd series, 1988, 41: 74-94. 113 Collaboration between the public and private sectors was necessary, for instance, for the effective operation of the infectious diseases notification schemes set up around 1900, and Hall recalled that Robertson, "by his tact and charm of manner. . . won the esteem and goodwill of the general practitioners. Indeed, he did more than any M.O.H. before him to bring practitioners to trust the Health officials and to realise that the ultimate object of both was identical; a happy state of affairs that did not always exist here." Hall, op. cit., note 21 above, p. 53.
Cf. Patrice Pinell, 'Cancer policy and the health system in France: "big medicine" challenges the conception and organization of medical practice', Soc. Hist. Med., 1991, 4: 75-101 , which argues that the emergence of "big medicine" in France in the inter-war years involved an unprecedented degree of collaboration between the public and private sectors for the efficient use of capital-intensive resources. For the situation in America, cf. Starr, op. cit., note 10 above, passim.
Liberal and even Radical views, especially on welfare policy.114 Indeed, the question of health and welfare was one of the main foci around which this new administrative and managerial culture began to take shape, with the Sheffield health authority, in particular, taking the lead in promoting new ways of regulating and organizing the life of the city.1 15
Similar interests informed the work of Arthur Hall and his colleaguos in the Sheffield Medical School, who chose to link their own careers to the growth of this new administrative culture. Thus they rejected the predominantly Tory politics of the older members of the local medical elite in favour of more Liberal programmes of medical reform, including the establishment of National Health Insurance to remedy some of the deficiencies of health care for the working class. 116 And as we have seen, they did much to promote the development of the University as a centre of the new civic culture, especially by tailoring the scientific work of the Medical School to the concerns of public health and industrial management. Thus the distinctly serviceoriented programme of laboratory science that they built up can be seen as a way of integrating themselves more closely into the work of civic administration. This is particularly clear in the case of the public health work conducted in the Medical School. Even before the development of bacteriology, the growth of the public health movement in nineteenth-century Britain had provided the impetus for a variety of scientific innovations, including social statistics, sanitary science, and both contagionist and anti-contagionist theories of epidemic disease, all of which yielded new techniques for surveying society and its environment so as to identify appropriate sites for administrative intervention. 117 Laboratory-based techniques like bacteriology and chemical physiology marked a further stage in the refinement of this technology of surveillance and control. They thus contributed to the development of new administrative responses to the social and political problems of the industrial city, and they did so, moreover, in ways which helped to minimize both the financial cost and the social disruption that such intervention entailed."8 By adopting an entrepreneurial role in developing and supplying such technical resources, Hall and his colleagues were able not only to finance the expansion of the Medical School's scientific facilities, but also to establish themselves as influential and respected figures among the city's emerging administrative elite.
This political influence was to prove crucial in enabling Hall and his University colleagues to take their programme of medical science into the voluntary hospitals. For while anonymous laboratory-based techniques of diagnosis might be appropriate for managing the health of a predominantly working-class population, they were of less interest, and indeed might be seen as threatening, to those clinicians who continued to build their practices primarily around the personal relationships they established with their patients. As a result, such techniques were incorporated into hospital medicine relatively slowly, and did little to win the University teachers any significant influence in the work of hospitals. Nor did this situation change until after the First World War, when the hospitals came under outside pressure for reform, and were compelled to seek assistance from other civic institutions, among which the University now enjoyed a dominant position. For the first time, University scientists were able to demand a responsible role in the investigation and treatment of patients, and especially in the clinical training of future generations of doctors. And once in control of the clinical teaching, the Medical Faculty was able to institute a series of reforms which brought the laboratory into far closer contact with hospital practice.
Like the developments in public health science that preceeded it, this expansion of the scientific work of the Medical School was informed by the interests of the administrative culture that made it possible. But, unlike the growth of public health administration, which developed parallel with, but largely independent of, curative medicine, the reform of hospital teaching involved the imposition of new administrative values on an existing medical culture. As such, it illustrates particularly clearly another aspect of the role played by science in the pursuit of administrative interests: where my discussion of the public health laboratory has focused on how science was used to conceptualize society and its environment, analysis of the scientific reform of the clinical curriculum enables us to see how science was also used to organize the administrative machinery itself, in this case as represented by the medical profession. Sci., 1989, 19: 195-238 ; Naomi Aronson, 'Nutrition as a social problem: a case study of entrepreneurial strategy in science', Soc. Probi., 1982, 29: 474-87. The key to this was the way in which the clinical teaching was restructured, both socially and intellectually. Previously, students had been expected to build up a working knowledge of medicine by following the day-to-day practice of their individual tutors: their clinical experience thus depended on the contingencies of hospital admissions and on the individual peculiarities of the cases treated by their tutors. But with the transfer of pedagogical authority from the hospital tutors to the professors of surgery and medicine, it became possible to impose a new intellectual order on the bedside teaching. Priority was now given to the systematic lectures in medicine and surgery, which the tutors were required to illustrate with reference to appropriately selected patients, while such cases as did not readily fit this schema were ignored. The individual patient thus ceased to be the starting point from which medical knowledge was to be elaborated, and instead became merely a particular instance of some more general category of knowledge as conceived by the clinical professors.
This had important implications for how students were expected to conduct their own medical practices after completing their training. The old system of individual tuition had supposed that, like their hospital tutors, they should be able to make sense of and treat whatever cases were admitted to their care, no matter how difficult or idiosyncratic. Under the new system, on the other hand, they were trained to deal only with such cases as could be understood in terms of the system of knowledge outlined by the clinical professors. As for those cases which could not be categorized in this way, the implication was clear: they should be referred to someone with a greater command of the necessary knowledge and experience. The new clinical curriculum was thus intended primarily as a way of redefining the sphere of general practice, by providing what was considered to be an appropriate body of medical knowledge for a GP, and by encouraging the referral of difficult cases to more highly qualified hospital doctors and University clinicians."9 In effect, the new intellectual organization of the clinical teaching not only reflected the hierarchy of authority that now existed within the Medical School, but also provided a means of extending that hierarchy out into the world of medical practice, in the form of a new division of labour between GPs and consultants.'20 119 The training of the general practitioner became an increasingly dominant theme in campaigns for the reform of medical education in Britain from the mid nineteenth century onwards, and reached a crescendo in the years following the First World War in the context of efforts to reorganize the whole British system of health care: Charles Newman, The evolution of medical education in the nineteenth century, London, Oxford University Press, 1957, pp. 194-264; George Newman, op. Britain, London, Pitman, 1966, pp. 169-93. The programme of laboratory science that Hall and his full-time colleagues had built up in the pre-clinical departments played an important role in legitimizing and reinforcing this new social and intellectual hierarchy. Clinical pathology and chemical physiology, in particular, provided a theoretical framework around which clinical knowledge could be reorganized, while the introduction of laboratory work into the bedside teaching provided the means of making manifest the underlying principles that individual cases were supposed to exemplify. Seen in this light, the connections between Hall's campaign to build up the laboratory sciences in the Medical School and his desire to establish a system of consulting practice in the city become much clearer. For, so long as the local medical profession remained little more than an association of largely independent practitioners, a knowledge of anatomical topography and experience of dissection provided a sufficient basis for the individual skills of diagnosis and surgical manipulation on which a successful practice was seen to depend. In contrast, Hall's efforts to shift the focus of medical training from anatomy to the laboratory sciences offered a way both of restructuring medical knowledge around the elaboration of general scientific principles, and of establishing a more hierarchical system of medical practice.'2'
Once this organizational aspect of Hall's programme of scientific medicine is recognized, there is no need to invoke the impact of new medical knowledge or techniques to explain the eventual adoption of laboratory science by the Sheffield medical profession. While therapeutic innovations like Mellanby's method of treating goitre undoubtedly helped to vindicate scientific research, they were incidental to the main purpose of scientific reform, which was to foster a new division of medical labour by redistributing such knowledge as already existed. And by the end of the First World War, there were strong political reasons for adopting this new division of labour. This political dimension is clearest in the reform of the voluntary hospitals, which played so important a role in the organization and identity of the local profession. Previously, the institutional politics of the hospitals had been dominated by the interests of those wealthy individuals who saw them as a means of dispensing patronage to patients and practitioners alike. But as public health became a major theme in urban politics towards the end of the century, particularly as a focus for new forms of civic administration, so pressure began to grow for the hospitals to adopt the same administrative values and to address themselves more efficiently to the problems 121 It should be noted, however, that anatomy is not inherently individualized, nor are the laboratory sciences inherently systematic in this sense: in either case, individual skills or fundamental unifying principles can be emphasized. Indeed, the situation was reversed in Edinburgh in the 1 880s, where scientific reformers favoured the dissecting rooms over the physiology laboratory because anatomy was taught in a more systematic manner: see Steve Sturdy, 'Naturalism and the reform of medical education in late nineteenth-century Edinburgh', paper given to the American Association for the History of Medicine, Cleveland, Ohio, 3 May 1991. Similar issues seem to have been involved in negotiations over the reform of the anatomy teaching in Sheffield, particularly in 1904, when the professor of anatomy, C. J. Patten, sought to add embryology, morphology and physical anthropology to the "limited branch ... of Topographical and Applied Anatomy" that had previously been taught to medical students: Patten to University Senate, April 1904, and other correspondence, SUA 5/1/26, ff. 53-83. A complementary analysis of the social relations of the medical teaching laboratory is to be found in Larry Owens, 'Pure and sound government: laboratories, playing fields, and gymnasia in the nineteenth-century search for order ', Isis, 1985, 76: 182-94. of maintaining the health of a large industrial population. 122 When the creation of the Ministry of Health and the publication of the Dawson Report raised the threat of government intervention, the Sheffield hospitals were forced to accept the need for reform. And in turning to the University for assistance, they finally accepted the new civic administrative culture in which Hall and his scientific colleagues were so deeply involved.
At the same time, the hospitals also accepted the programme of medical science that Hall and his colleagues had built up, and that now came to be associated, not just with public health administration, but also with the reform of hospital admissions and the growth of consulting practice. Indeed, Hall and his colleagues emphasized the practical and especially administrative benefits that they believed would follow from the reorganization of the clinical teaching along more systematic and scientific lines. The reorganization of the clinical curriculum, for instance, would permit "a much more economical arrangement of the teaching" than had previously been the case.123 But these gains would multiply as the new curriculum led to greater collaboration between GPs and consultants of the sort that was already being identified with the development of medical science in Sheffield: "When such a thing once comes about," Hall told the readers of the British Medical Journal, "it will require but little more to acquire all that is of real importance in the Dawson Committee's findings, and practically at very little cost.",124 In other words, the growth of scientific medicine in Sheffield offered a way of fulfilling the demands of both local and national government for administrative reform of medical practice, while at the same time retaining the independence of the voluntary hospitals and their staffs from overt state control.
It is in such terms, then, that we need to explain the rise of scientific medicine in Sheffield. It was primarily a social and political phenomenon, deeply embedded in the development of a new administrative and managerial culture in the city. Like that wider culture, scientific medicine was a response to the problems of maintaining order in a large industrial population, in this case by managing the health of that population. And as such, it was the product of a political process of accommodation and compromise between older philanthropic and newer managerial institutions and practices, and between the public and the private spheres. Moreover, the general constitution of that compromise was such that scientific medicine in Sheffield was, on the whole, a conservative development: in spite of the opposition of some older clinicians, it represented the assimilation of an earlier medical elite to a new position of responsibility in a society still structured by the same class divisions. And while the administrative middle class was to an extent enlarged and consolidated by the new internal cohesion of the medical profession, by the exclusion of lay opinion from medical judgments, and by the growth of collaboration between public and private 122 See the work on hospital management cited in note 14 above. And on primary care in relation to hospitals, see Irvine S. L. Loudon and Rosemary Stevens, 'Primary care and the hospitals', in John Fry (ed.), Primary care, London, Heinemann, 1980, pp. 139-75. health services, divisions of class were nevertheless maintained in the strictly hierarchical distribution of power and influence within the profession. The development of medical science played a key role in establishing this hierarchy, in particular by creating different social identities for those who produced medical knowledge and those who merely applied it in practice: in the sphere of conventional medical practice as much as public health medicine, the development of a hierarchically structured body of scientific knowledge and routine technique should be seen as, in effect, a cognitive technology for organizing both the world of health and illness and the administrative and professional machinery that was used to regulate that world. And within this new cognitive framework, the University professors who now had control of the definition and distribution of medical knowledge were thus able to secure for themselves the role of medical managers within a small and highly select administrative elite.
Whether these conclusions can be generalized to other contexts remains to be seen. Certainly, the Sheffield story is in many respects an idiosyncratic one. The city's peculiar class structure meant that, compared with its neighbours, the University was relatively short of funds, and so was under peculiarly intense pressure to involve itself in the development of a civic administrative culture. Moreover, the relative ease with which a successful programme of medical and especially clinical science was established in Sheffield owed much to Arthur Hall's remarkable skill in mediating between divergent philanthropic and administrative interests within the medical profession and more generally. In particular, Hall's success was in large part due to the facility with which he manipulated the boundaries that separated pure from applied science, science from medical practice, and private from public medicine, in such a way as to undermine the conflicting interests that these boundaries sustained. The fact that this depended so clearly upon the peculiarities of local politics and personalities suggests that scientific medicine could have taken quite different forms under other circumstances.
Nevertheless, there are indications that some of the same social and political interests as lay behind the development of medical science in Sheffield may also have informed similar developments elsewhere. Thus a number of other provincial universities pursued similarly entrepreneurial strategies to build up their laboratory facilities, and likewise seem to have favoured the kind of co-ordinated programme in bacteriology, chemical pathology and chemical physiology that would win them access both to public health administration and hospital practice.'25 Equally, in at least one other provincial medical school, a similar struggle was enacted between surgeons and anatomists on the one hand, and laboratory scientists and reforming physicians on the other.'26 Moreover, central government campaigns for medical 125 For details of a similar entrepreneurial initiative in another provincial city, see June Jones, 'Science, utility and the "second city of the Empire": the sciences and especially the medical sciences at Liverpool University, 1881 University, -1925 reform, including the promotion of medical and especially clinical science, likewise seem to have been dominated by a concern with the education of GPs, the establishment of a hierarchical division of labour, and the creation of a cadre of academic clinician-scientists who would head this new hierarchy. 127 And if this is the case, it would imply that historians of medical science in other settings would do well to pay more attention, not just to the impact of new medical technologies and the popular prestige that accrued to science, but also to the relationship between the intellectual organization of science and the social organization of medical practice, and especially to the administrative interests that favoured one kind of organization over another. 127 See Steve Sturdy, 'State strategies for health care and the development of clinical science, 1900-1920', paper given to the Wellcome Unit for the History of Medicine, Oxford University, 22 February 1990. 
